Abstract. Ripening of 'Tydeman's Early' apples (Malus sylvestris L.) assessed by the occurrence of the respiratory climacteric was delayed by succinic acid 2,2-dimethyl hydrazide (B-9) but not by 2-chloroethyltrimethylammonium chloride (CCC), each applied 14 days after bloom. B-9 also inhibited ethylene production by fruits exhibiting the climacteric rise. Inhibition of the olimacteric by B-9 was overcome by exogenous ethylene, but the latter treatment failed to completely reverse the B-9 inhibition of endogenous ethylene production.
Plant growth retardants have exciting potential uses in the agronomic and horticultural indulstries and in addition, they are new tools with which to study plant growth and development. Two growth retardants, succinic acid 2,2-dimethyl hydrazide (B-9) and 2-chloroethyltrimethylammonium chloride (CCC) have been studied extensively. Although structurally dissimilar, both chemicals cause suppression of shoot growth on a wide range of species (4) , enhance leaf greening (4, 17, 18) , increase tolerance to stress conditions (18, 20) , and when applied to certain vegetables as a post-harvest treatment, both cause a delay in leaf senescence (10) . A notable difference between B-9 and CCC is that CCC is more effective on monocots while B-9 is effective over a broader range of dicots.
The mode of action of these growtlh retarding chemicals has not been entirely elucidated. Gibberellic acid (GA) is generally antagonistic towards CCC (12) but this antagonism is not so convincing with B-9 (12, 16) . There is some evidence that B-9 interferes with auxin metabolism (21) . Confusion arises from reports of auxin reversal of CCC effects (11) and instances where CCC and GA are synergistic (9) . The effective use of growth retardants in the study of hormonal control of plant processes demands more clarification of their mode of action.
Both B-9 and CCC retard shoot growth and increase flower bud formation in pome fruits (15, 16, 17, 19 ripening when applied at high levels (13, 14) and several studies indicate that the effect on ripening may be due to an inhibition of ethylene production (1, 2, 8, 14) . The current study confirms this observation and indicates that CCC applied early in the growing season does not alter the normal control of fruit ripening.
Materials and Methods
B-9 and CCC were applied at levels of 6.3 X 103 M, 3.2 X 10-2 M, and 6.3 X 10-2 M, to 'Tydeman's Early' apples on May 29, 1968, 14 days after full bloom. These concentrations represent 1000, 5000. and 10,000 ppm of each chemical. Sprays were applied to the drip point to each of 4 trees for each treatment. A sample of 80 fruits was harvested from each 4 tree block at bi-weekly intervals beginning on June 11. This sample was subdivided into 4 lots of 20 fruit, weighed, and placed in chambers for respiration measurements at 20°. Of these 4 samples 2 were treated with a continuous flow of air containing 500 ppm of ethylene and the other 2 received air free of ethylene. Apparatus used to obtain daily respiration measurements were a Claypool-Keefer type flow controlling system (5) and a Fisher-Hamilton gas partitioner. Ethylene was measured with a MicroTek 220 gas chromatograph; equipped with a flame detector and an activated alumina (60-80 mesh) column 457 X 6.35 mm OD; gas samples were analyzed at 25°. The lower limit of sensitivity was 1 ppm of ethylene.
Respiration measurements were made for 6 days and on the sixth day supplemental ethylene was discontinued from those samples receiving the ethylene treatment. Ethylene production by all samples was 
Results
Post-harvest ripening of 'Tydeman's Early' apples, as assessed by the occurrence of the respiratory climacteric, was delayed by the B-9 treatments applied 2 weeks after bloom. The length of delay depended on the B-9 concentration employed and the age of the fruit (Fig. 1A and 2A) . No delay was evident when B-9 treated fruits were also treated with supplemental ethylene (Fig. lB and   2B ). A distinct concentration-dependent inhibition of endogenous ethylene production resulted from the B-9 treatments (Fig. IA and 2A ) and even when supplemental ethylene induced a climacteric respiratory pattern, the B-9 inhibition of endogenous ethylene production was still evident (Fig. lB and  2B ).
CCC did not alter the ripening pattern of 'Tydeman's Early' apples and did not influence endogenouc ethylene production i (Fig. IC, ID, 2C, and 2D ).
Ethylene applied to verv young apples (harvests of 6/11 and 6/26) caused a marked increase in respiration (Fig. 3) , but after 7 days of continuous ethylene treatment these fruits exhibited no color change, their respiration rate approached that of fruits not receiving the ethylene treatment, no climacteric pattern was evident, and ethylene production was not detectable at the sensitivity of the G.C. instrument.
Commercial harvest maturity was judged to be on August 20, 1968 . By the harvest of Julv 9, fruits were mature enough for supplemental ethylene to cause some ripening activity and by July 23, control fruits were capable of exhibiting a climacteric pattern without added ethylene (Fig. 3) .
Predictably, with advancing maturity the respiratory patterns for control and ethylene-treated fruits became increasingly similar, and to a lesser degree this also was true for the levels of endogenous ethylenle production (Fig. 3) .
Discussion
In an earlier paper we suggested that B-9 delayed fruit ripening by inhibition of ethylene biosynthesis (14) . The current work supports this belief and also demonstrates that CCC is either ineffective in regulating ripening or does not persist within. the fruit throughout the ripening period.
In this study, very young apples with or without the B-9 treatments showed a marked stimulation of respiration when ethylene was administered. These young apples, however, did not exhibit a climacteric Respiration patterns and ethylene production by 'Tydeman's Early' apples harvested biweekly throughout the growing season and measured for 6 days. Endogenous ethylene production was measured on the seventh day.
phase, failed to undergo a color change, and furthermore, did no.t appear to have the capability to produce ethylene in quantities detectable with our equipment. More mature fruits responded to ethylene with the onset of a climacteric respiratory pattern but the initial respiration levels were similar to those not receiving exogenous ethylene. These more mature fruit underwent a ground color change, showed signs of fruit softening, and produced detectable quantities of ethylene.
An interesting parallelism exists between this pattern of response of fruits to ethylene and the often reported physiological Phase I and Phase II of leaf abscission (6, 7) . It would appear that at some ontogenetic stage, apples become capable of responding to ethylene wi.th a ripening reaction analogous to the start of physiological Phase II of abscission, and concommitent with this phase transition, fruit becomes responsive to ethylene autostimulation.
In frui.t capable of ripening with the ethylene treatment, B-9 exerted its influence only by reducing the amount of ethylene production resulting from autostimulation.
Most explanations for the action of growth retardants center around proposed relationships to endogenous levels of gibberellins or auxin. There are, however, divergent views on the specific mode of action of B-9 and CCC. If it is necessary to explain the effect of B-9 on fruit ripening by its interference with endogenous auxin or gibberellin levels, indirect evidence supports an antiauxin hypothesis. Auxins are known to promote fruit ripening and ethylene production (3) whereas gibberellins, like B-9, give rise to effects contrary to those of ethylene on fruit ripening (6, 21) . However, in light of our broadening understanding of the diverse effects of ethylene in growth regulation, it may not be incongruous to suggest that the influence of B-9 is not mediated through an effect on IAA or GA but rather as a direct interference with ethylene metabolism, both earlv and late in the fruit's ontogeny. The persistence of the B-9 effect on ethylene production even after fruit ripening with ethylene could argue for such a direct inhibition if one assumes that the endogenous auxin level is not instrumental in controlling ethylene production resulting from autostimulation.
Cooper et al. (6) have pointed out the apparent contradiction between the effectiveness of synthetic auxins and B-9 in preventing pome fruit abscission since B-9 is assumed to retard auxin biosynthesis. Their explanation is that B-9 delays fruit maturity and thus prevents abscission.
A direct effect of B-9 on ethylene biosynthesis would be an alternative explanation and would be in agreement with the view expressed earlier by this laboratory (14) that B-9 specifically inhibits ripening without influencing maturity.
